Abstract: Six calcareous and alluvial soil profiles differing in their texture, CaCO3 and salinity were chosen from west and middle Nile Delta for the present study. The 1 st and 2 nd profiles from Borg El-Arab area were sandy loam in texture and > 30% CaCO3, while the 3 rd and 4 th profiles (from Nubaria area) were sandy clay loam and < 30% CaCO3. The 2 nd and 4 th profiles were taken from cultivated area with maize. The 5 th profile from Epshan area was non-saline clay alluvial soil and the 6 th from El-Khamsen was saline clay alluvial soil. The relation between soil moisture content (W%) and water vapour pressure (P/Po) was established for the mentioned soils. Data showed that the specific surface area (S) values were 34-53 and 44-60 m 2 /g for calcareous soils of Borg El-Arab and Nubaria areas, 206-219 and 206-249 m 2 /g for non-saline and saline clay alluvial soils of Epshan and El-Khamsen areas, respectively. The corresponding values of the external specific surface area (Se) were 16-21, 14-22, 72-86 and 92-112 m 2 /g. Submitting Wm + Wme as an adsorption boundary of moisture films (Wc) (where Wm is mono-adsorbed layer of water vapour on soil particles and Wme is the external mono-adsorbed layer), the maximum water adsorption capacity (Wa) was found to be Wc + Wme or Wm + 2Wme. It was ranged from 1.88 to 2.70%, 1.97 to 2.95%, 9.70-10.70% and 10.80 to 13.12% while the maximum hygroscopic water (MH) values were 2.43-3.78%, 2.91-4.65%, 16-17% and 18.30-21.9% for the studied soil profiles respectively. The residual moisture content (θr) at pF 7 and P/Po = 0 was ranged from 0.0005-0.0010%, 0.0007-0.0019% and 0.0043-0.0048% in Borg El-Arab, Nubaria and Epshan soil profiles, respectively. The inter-relations between the surface area and the hygroscopic moisture parameters of the soils under investigation were as follows: Calcareous soils; Wm = 0.40 MH, Wc = 0.55 MH, Wa = 0.70MH, S = 14 MH Non-saline soil; Wm = 0.35 MH, Wc = 0.49 MH, Wa = 0.63 MH, S = 13 MH Saline soil; Wm = 031 MH, Wc = 0.45 MH, Wa = 0.59 MH, S = 12 MH These relations give possibility to deduce the soil moisture adsorption capacities and specific surface area via maximum hygroscopic water, which can be obtained through the experimental determination of water vapor adsorption isotherms.
Introduction
The relation between relative vapour pressure (P/P o ) and moisture content can be experimental obtained by maintaining a soil sample in isothermal equilibrium with an atmosphere of water vapour or from theories of soil moisture involving the molecular structure of the water films associated with the soil particles. The most widely used theory is that due to Brunauer, Emmett and Teller (BET) (1938) . In BET theory, the explanation proposed for sigmoid type isotherm is that the adsorption in multi-molecular layers on the surface rather than a monomolecular one. Farrar (1963) and Amer (1982 Amer ( , 1986 Amer ( , 1993 used the water vapour adsorption isotherm method by applying BET theory based on the assumption that the isotherm is made up of monolayer physical adsorption combined with capillary condensation.
The specific surface area (S ), maximum adsorption water (W a ), maximum hygroscopic water (M H ) and particle size composition are the most important indices characterizing the hydro-physical, physicochemical and heat properties of soil. More over, the indices are inter-related; therefore the values of surface area obtained by the adsorption method can be estimated from the data on moisture content at maximum hygroscopic water and particle size composition of the soil. Amer (1982 Amer ( , 1993 stated that the adsorption capacity of water vapour (W a ) is equal to W m + 2W me , where W m is the moisture content of the soil when water vapour adsorbed for monolayer, and W me is the external monoadsorbed layer of soil moisture content. The W m and W me are used to calculate both the total and external surface areas (S, S e ) of soil particles. The W a values can be derived from soil moisture tension curve by applying the corresponding values of log (ψ c ) where ψ c is the capillary condensation attitude (Amer 1986) .
The objective of this work is to study the hygrophysical properties of calcareous and alluvial soils in the Nile Delta (Egypt) using the isothermal adsorption of water vapour technique to predict the surface area and soil moisture adsorption capacity as inter-related to c 2009 Institute of Botany, Slovak Academy of Sciences the maximum hygroscopic water (M H ). Also to specify the residual water content (θ r ) from the relationship between soil moisture adsorption content and the correspondent water vapour pressure.
Material and methods
Four soil types differed in their texture, salinity, and CaCO3 were chosen for the study. The 1 st and 2 nd are typical calcareous soils from Borg El-Arab (>30% CaCO3) and ElNubaria (<30% CaCO3) areas. Both soils are loamy sand and sandy clay loam in texture respectively. The other two soil types represent non-saline alluvial clay and saline alluvial clay soils were taken from Epshan and El-Khamsen, Kafr El-Sheikh Governorate. Two profiles for each calcareous soil were done to depths 70 and 90 cm, where the second profile from each was taken from soil that cultivated with corn (Zea mays), while one profile was done to depth 120 cm for each clay alluvial soil. The soil samples were air dried, crushed and sieved through 2.0 mm sieve. The soil fractions below 2.0 mm were subjected to chemical and physical analyses (Table1).
The water vapour adsorption isotherms on dried soils were determined gravimetrically as follows: About 5-10 g of each oven-dried soil samples was placed in a weighing bottle and kept in desiccator at 20
• C over saturated salt solution. The temperature was controlled to within 0.1 • C by placing the desiccator containing the samples in a water bath. Relative water vapour pressure (P/Po) [P being the water vapour pressure in the desiccator and Po being the saturation vapour pressure of water at 20
• C] were obtained by applying different appropriate salt solutions. The used saturated salt solutions were; ZnCl2, CaCl2, K2CO3, NH4NO3, KCl and K2SO4 whereas the corresponding P/Po values to these solutions at 20 The soil matric suction values resulting from equilibrating the soil samples with salt solutions can be calculated using the pF formula (Schofield 1935):
where, H is the relative humidity (H = P/Po × 100), and pF = soil suction, expressed as the common logarithm of the suction (ψ) in cm of water. The maximum hygroscopic water (MH) was determined at P/Po = 0.98.
The adsorption capacity (Wa) as considered by Amer (1982 Amer ( , 1993 was estimated using the relation; Wa = Wm + 2Wme. The total, external and internal specific surface areas (S, Se and Si) were determined by applying the BET method (Brunauer et al. 1938 ) as modified and described by Orchiston (1954) , Quirk (1955) , Farrar (1963) and Globus (1996) . Particle size distribution % and other properties of the studied soils (EC, OM, ρ b , CaCO3%) were determined according to Black (1965) and Jackson (1967) .
Results and discussion
Relation of soil moisture adsorption to water vapour pressure The relationship between relative water vapour pressure (P/P o ) and the amount of adsorbed water (W%) on soil particles which depending on the thermodynamic of adsorption of water vapour through the soil was obtained experimentally for the considered soils ( Fig. 1) . It is evident that the W% at different values of P/P o was higher in El-Khamsen saline alluvial A.M. Amer
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Subsurface layer soil than the other soils while the less values were observed in Borg El-Arab calcareous soil. The clay content and salinity are the major factors that governed the absorbed water in the soils under investigation (Amer 1993) .
Specific soil surface area
The surface area is based on obtaining the dependence of the adsorbed moisture amount (W%) on the water vapour adsorption isotherms at different values of relative water vapour pressure (P/P o ). Such dependence ( Fig. 1) can be analysis and proceed with BET equation as in the following form:
where W m is the moisture content when the soil surface is completely covered by a unimolecular layer of water. C is a function of the state of the first adsorbed unimolecular layer of water and soil surface. W is adsorbed soil moisture content (%) equilibrated with P/P o , whereas P and P o are the actual and saturated water vapour pressures. By plotting P/W (P o − P ) as ordinate versus P/P o at the segment 0-0.40 of the sorption isotherm as abscissa, a straight line would be obtained. The intercept on the y-axis is then 1/W m C and the slope is C − 1/W m C. Hence W m and C can be determined. Assuming that a single water molecule occupies some constant area on the sorbent surface (usually taken as 10.8Å
2 ), the total specific surface area of the soil then calculated as S = 36.16 Wm m 2 /g. After some assumptions for the BET equation, Farrar (1963) deduced the soil external specific surface area (S e ) by applying the next relation; W = W me /[1 − K e P/P o ] + W i over the range of high relative vapour pressure (0.5 < P/P o > 0.8) where the suffixes (e) and (i) refer to the external and internal surfaces respectively. The values of K e in the indicated P/P o range were stated by Farrar as 0.9 ± 0.01, but practically, it seems that K e is an arbitrary coefficient ranged from 0.70 to 0.90. (Amer 1982) .
The internal surface area (S i ) may be calculated by the difference between S and S e . Data in Table 2 , which based upon the water vapour adsorption isotherms ( Fig. 1) revealed that the specific surface area (S) ranged from 34 to 53 m 2 /g and from 44 to 60 m 2 /g for calcareous soils of Borg El-Arab and Nubaria areas, respectively, while the S values were 206 to 219 m 2 /g and 206 to 249 m 2 /g in non-saline and saline clay alluvial soils of Epshan and El-Khamsen areas. The corresponding values of the external specific surface area (S e ) were 16-21, 14-22, 72-86, and 92-112 m 2 /g, respectively. It is clear that the specific surface of calcareous soils, which have a relative coarse texture is less than that of alluvial clay soils. The values of S and S e can be arranged for the studied soils as follows El-Khamsen saline soil > Epshan non-saline soil > Nubaria calcareous soil > Borg El-Arab calcareous soil.
This disposal is due to the differences of the investigated soils in their texture, CaCO 3 content, salinity and mineralogical composition (El-Sharkawy 1994; El-Fiky, 2002) . However, the surface area is closely related to the mentioned soil properties, which is refer to the absence or presence of internal pores. On that concern and due to salinity occurred, the internal specific surface (S i ) found to be less in the highly salted affected depths of El-Khamsen soil profile as compared with the soil of Epshan area. On other hand, the S e /S i ratio was less than unit indicating that the S i values were higher than S e in all investigated soils (Table 2) . This result may refer to the mineralogical composition of these soils, whereas the montmorillonite and hydrous mica are the prevailing clay minerals in the clay alluvial soils, while attapulgite and/or palygorskite are the common minerals in the calcareous soils. (El-Gabaly & Khader 1962).
Water adsorption capacity and soil hygroscopic water
The summation of W m plus W me may be notified as the adsorption boundary of moisture films (W c ) (Voronin 1980). On the other hand, Amer (1982 Amer ( , 1993 proved that the films adsorption boundary can be extend to maximum moisture adsorption capacity (W a ), which is equal to W m + 2W me . The W a is adaptable to relative vapour pressure about P/P o = 0.65 in average. This property is interesting where it represent the critical limit between adsorbed and wetting films (pellicles) of soil moisture content (Amer 2003) . Data in Table 3 showed that the values of W c ranged from 1.42 to 2.09%, 1.63 to 2.33%, 7.70 to 8.36% and from 8.25 to 10.01% .The Wa values were 1.88-2.70%, 1.97-2.95%, 9.70-10.70% and 10.80-13.12% in Borg El-Arab, Nubaria, Epshan and El-Khamsen soil profiles, respectively.
Hygroscopic water exists as a very thin film at the solid-liquid interfaces of the soil particles. At the maximum hygroscopic water (M H ) the surface of soil particles is almost completely covered with individual molecules of water. Table 3 indicated that the M H values were ranged from 2.43-3.78%, 2.91-4.65%, 16-17% and 18.30-21.90% for the studied soils respectively. It can noticed that the hygro-physical properties (W c , W a and M H ) of the investigated soils are followed the same trend that observed with the specific surface areas (S and S e ).
The inter-relations between S, W m , W c , W a , and M H It is known that the maximum hygroscopic water (M H ) can be easy determined practically at P/P o = 0.98. The determination of the other hygroscopic parameters such as W m , W c , W a and the surface area (S ) may not available in practical measurements. So it is appreciable to deduce these parameters throughout the measuring M H values. Data in Table 3 detected that the W m /M H ratio is ranged 0.38-0.41 in average for calcareous soils (Borg El-Arab and Nubaria), while it is equal to 0.356 for non-saline alluvial Epshan and 0.313 for saline alluvial El-Khamsen soil. The ratio of W c /M H reached 0.55 for both calcareous soils and 0.49 and 0.45 for the other two alluvial soils respectively. The ratio of the maximum adsorption capacity to the maximum hygroscopic water (W a /M H ) is ranged from 0.688 to 0.729 for calcareous soils and from 0.601 to 0.627 for alluvial clay soils. Concerning the relation of the surface area to the maximum hygroscopic water, it is found that the S/M H ratio values were around 13-14 in calcareous and non-saline alluvial soils and 12 for saline alluvial soil.
The lowest values of the mentioned ratios were remarkable in the saline alluvial clay soil (El-Khamsen area). In general, the ratios values were in the following disposal; Calcareous soil > non-saline clay soil > saline clay soil.
It is evident as a conclusion that the previous ratios can be applied to deduce the W m , W c , W a and S in the studied soils as follows: Calcareous soils: Table 3 showed that the W p values were in the opposite trend when compared with the other ratios, whereas the mean values were in the following order; saline clay soil > non-saline clay soil > Nubaria calcareous soil > Borg El-Arab calcareous soil. This is due to the higher M H in saline and clayey soils than in the calcareous ones (El-Fiky 2002) .
Water adsorption capacity (W a ) as applied to predict soil moisture retention (ψ i ) in cultivated and uncultivated calcareous soils The increase in soil water suction is associated with a decreasing thickness of the hydration envelopes covering the soil particles surfaces. The following equation was advanced by Nerpin & Chudnovski (1975) to describe soil wetness (h) within limited suction ranges;
where ψ is matric or capillary-sorption potential, B and n are constants. Taking moisture adsorption capacity (W a ) in consideration, the parameters of the last relation can be developed to the following:
where ψ i and ψ a are capillary-sorption potentials at soil water content (W i ) and moisture adsorption capacity (W a ), respectively. By plotting log ψ i against log (W i − W c /W me ), we obtain log ψ a as intercept and n as the slope. Table 4 shows the values of capillary-sorption potentials (log ψ i ) in uncultivated (profile 3) and cultivated (profile 4) calcareous soil of Nubaria area. It is evident that the values of log ψ i at different soil moisture content (W i ) were higher in the soil that cultivated with Zea mays than in uncultivated one. It may be due to crusts that form on the surface of bare calcareous soil present a special problem against evaporation from the soil. Also, after irrigation or rainfall the vegetative cover (maize plants) restricts air movement, maintains a high air vapour pressure near the soil surface, and shield the soil from solar energy, all of which reduces evapora- tion. However, evaporation from soil surface is generally unimportant at moisture levels below field capacity, as soil moisture movement is very slow, while transpiration of plants plays the principal role in deficit of water in the soil and hence increasing soil water retention.
